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(57) Abstract: An exposure device has a laser device that is 
small, easy to maintain, and capable of producing an output 
that is unlikely to be affected by optical surges occurring 
in the beginning of operation. A single-wavelength laser 
oscillator (11) supplies a laser beam (LB1) to a fiber op- 
tic amplifier (13) through an optical modulator (12). The 
amplified laser beam is split by splitters (14, 16-1 to 16-m), 
amplified by optical amplifier units (18-1 to 18-n) and sup- 
plied through a fiber bundle (19) to a wavelength converter 
(20), which in turn converts the split beams into ultraviolet 
laser radiation (LBS) for use as exposure light. The optical 
modulator (12) outputs light pulses during the generation of 
ultraviolet light. The optical modulator (12) also produces 
laser radiation during the absence of ultraviolet light, but the 
laser radiation has substantially the same average output and 
a considerably low peak compared with that during the gen- 
eration of ultraviolet light. 
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zmmztt-fz/u " i " <7)McDfij£ (%) ) « i / 1 o j^t 

T, 0 0 0 OgftKKfcStlTlr^fcfc, f(D^JHA 

«t°-7U^LB^LTl/l OKTT, ISttl/1 OOOOg 
-^^^^^^7^^^7(7)^r H lTt)l^-^7 I eLB 2CDI/ 

RH«g:03Te7 7< 3, S^Hfi2Z7 M 8 - l-l 
8-iif^©^77< A-*«gg (0 2O3t7 7-f/t-J8«8S2 2. 2 5 ) 
fcfc^T, ^-y— '^tcfcoT¥im^i8jD LT ^^ (I/— t«LB5) 
©ffl*^i9JDTS^t*«l»it$ns. :nt:^LT, 05 (a) iz^t 
ck7tc, *^3t^*7©J«rajcU-+f3fcLB2om**0k:-r-5t, EI 
5 (b) lZ*T<ko\Z, *n^$*>(ZL^iaao»|RnTSK:*5V>T, 
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5 g^±<0#MIJB#¥ilgil€:jI lTM)tl:^5 Is -If XL B 5 tdgftL 

jo m (=2 3 a±©ff»K:jtwr*. tot, 06(c4o^t, mmt 

tf*><DMffl<» V-*r%L B 2 0 M-V l/^JHB tttt, 
#7©88fKI<Z>l'--+fftLB 20HjHAIil/l 0 iiljttt 1 

/ 1 0 0 0 Oi^TT^Sfcfe, l/^Jl/LA©3tH5&t*^ 

^DMLj^^^ iookHz (^)ixmn i o us) (D/viszytiz^m 
20 tfjrxDWusHzyt&mmTi 2^bm^$n6A^x^(Dt°-^tti^L 

Btt2 0mW, ¥-t%ftJjte2 uWtteZo ^ZH\ *<D%ftyttf* 7 <D 

mrmzyt&fflm? 1 2^bffi7j$n^^^7 l c<7)i/^>'i/L a«2 # w, bp 
^LB/iooo 0i^^ o ::th Tt^pm^ l 2 a ft 

25 3 d BT^^Ip, /^;i/X5tOfcf-^ai*tt 1 OmW, ¥£Jtti^&lM 
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^w*f 1 2 tiTta^XM^siflni^tii, is 
Lmfcikzi o o ku z m&£i±.izmi£t % z. t\z£ v , '&mt%yt% 

tga- 7 hl8-l~18-n |*3<Z)ft7 7 < A-iifg§§{;:£ l^T A S E 
(Amplified Spontaneous Emission: g^Mft) / -f X<DmW\z J: § 

ORB«^fi£*©x+->-7l/-if)t (/^M«i![»ttSkHzi«) 
?M^TcU>i§£(C«, A°;|/7 JiO»£ #A;PX£0iJ 

1 / 1 0 0 0 - 1 / 1 0 0 0 0 g^lC/hS <T£ UttfUt* 

11 (DFBWl/-ifSi:) Ct^flt^WJff 12t*ftffl 
if 1 1 oimtl mWlZ^-DT, m?L\£ l 0~2 0 n s g^C0/\ o ;i/XitI^W 
Tt^^^cD-^o^^^otHT, lP^*^JTiiA°;i/XiH^i n s <Drt)\, 

Ell (a) Id&^T, ^© c £e>tCLTf#/cA;!,77 , cft77£> ®&<DJL 
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• V-^oyt? 7<-A'-i§*gg§ 1 3 (Cfftl&L, 35dB (31 
6 2{g) 0))tJHB*fT^. C(7)(i:€A 0 ;i/7s^«, ;7 ttiTJ^J 6 3 W, 
¥£)tid7J*U6. 3mWfcfc*. fcfc, :^77-f 3 ©ft 

5 ^tf)*JJI&tf)7 l £7 7< A-t^Igll 3<Z)ffl7j£> ^yj'y^HTif 
^-f *;K)~3<Z)4f@0)fcti7J (*^JT!Sm=4) fCM^J^fJT*. 

10 ft 7 7^f A*-t <7>ft<?){SW3fJt£ 2 X10 s m/sTfe§tb, tH> 
JKK 1, 2, 3Cfn-6nO. lm, 19. 3m, 38. 5m, 57. 
7m»S$W^77^A'- 15-1-15-4 §1115, 
ftft7 7^f A*-0dlPT©|»D^ , 5 5 1 ^^;HBJ©ft©jlMtt9 6nsi 

15 A- 1 5 - 1 - 1 5 - 4 MWK: ril77-fA-j tPf^o 

^C04*(DiiE77-f A'-(7)tH^^, 4fi(DX7°U v$ 1 6 - 
1-1 6-4tfl:ni (##JT&n = 3 2) <7)Jii7j icM^i^fJ (§7. 
yj'ynfH40-3 1) L» -^114 X 3 2{@ (=1281) ©^ 
-\**;W;i:fr#J-f & 0 fit, §77*U 7^16-1-16 -4<D3-*r* 

20 ;i/0~3 1 ©{il^^^^r/ai/Wcg$0^7 t j:§7 , c7 7< A'- (S®7 7 
-f A — ) 17-l~17-32^gilt, Rftt5ftUHI:3n 
s0llif B ^4A5. cntCfcoT, ^-V^;l/3 1 <Dfttl\Z\t* 9 3 
n s ©ilffill^M^A^n*. -7j, ^l^bI4^T(D§X7 0| J7^ 
16-1-1 6-4ffli:ft -t<7>©J:7»Ciiji7 7< A*-ll«J:oT, § 

25 77°U -y #<D\Jim&T'&* 9 6 n s <0iS&l$ra#-£a. £ftT^5. ZL 
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z.<d^m. *mx*\zyt7 7< a- • a> 1 9^e>MtB$n<5 

IfftL B t-L->X^\ f(lf-iSlll/- tf 1 l^b 

12 80't-mTt5. Hot, Jtf*9*HC?#bft3 I/— tfftL B 5 

£5^*;nmT3 n s <nmMmffl%ft'Drt)ixft.tf&t>nztf. z\<d 
mzntzrt)V7s%tnK iookHz (njixmm i o u s ) t&3 0 

^T, I'-lfftB^BtefttLTJI**:, 1 2 8/UX^3 n s f B 1I 
T^^bfc^, 9. 6 2 y s ©r B 11^I^T^(DAJ^^J^4t§i 
lr> 5 li 0 M L tfi 1 0 0 k H z Tfi 1 toft 3 „ 

T^&c££ffli>fc0J(co^Tf8BJ!b£o ^cOfc^A^X^TOF^c 9 . 

^■-^toiirTffl ^ 5 d t 0 , /N°;i/X^H^^^:^^^PSiT§ - £ & 

U±=t 0*^J(DX7°U y$ 1 4, 7t77<A , -l 5-1-1 5-m, 
X7°U v ? 1 6-1-1 6 -m, RtfmUnyt 7 7 -f A*- 17-1-1 
±WtLTmftm%W, (Time Division Multiplexing: TD 

mftm^m^mz 2g©x7''j 7^ci;oTfMLTi^^\ ^ti£ 3 
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(7)77°U ^©^TifiULTfeiU. *f^ij(Z)X7 0 U 7^ 1 4, 1 

^>^^ifflt^:ii^ot, (A°;l^ft) <7)3&Ji^< ^ >7\ 

10 ^K^MfiT^cJ: ? ITU^, ^<7)i#, 1 1 

oXZ<D/i)l7>K<Dft1j£W)ZtibmTZ>£?lZLTb&^o mi (a) 
tC&t^T, ma©H7 7<A- Ofe77-fA'-17-l-17-n) 
£&ELfcl'-ifttfc^n^nftiig:i-y hi 8 - 1-1 8-ni:A 
15 &l/Tifi|>i£ft&o ^JOT^Ili-y M8-1-1 8-nK77 
< A-i^s^£{f AT&D> WTtH Ma- 7 M8-litT 

[U2te, 7"6J^iH^--7 h 1 8 2 Kl&t^T, ^^I:!- 

20 7 h i s\$m*mz2®<D : zn j enx.)\'Wk • f-7° • 7t7 7< a- 

tiii>I§5 (Erbium-Doped Fiber Amplifier : EDFA) ^VU^jfJ 7 < 
)\-m^2 2~%lT$2 5 ^iilT^^ntl^. fit, 1P£@<£> 
}^7 7<A-»2 2 0^«85tCtt> I^^y 7°U >^"f 
(D^^^I'J^M (Wavelength Division Multiplexing : WDM) lil^P 
25 (J^T\ fWDMlfj t^o) 2 1AM'2 1B^M$n, WDM 
|?21 1 Bl:<kottnfniig)tzltlT(D^U-lf 
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2 3A^b©i^EL lRtf*mftls-1f2 3 B $ <D * ft 
77< A-««ffi2 2t3W«^Stt*&$nT^*. RtKC 2|£i©ft 
77'f A*-iei(lgg2 50jS]^^(Ct), 7J77U>^ffl©WDM$f 2 1 
C&tf 2 1 DjWgjsfc^tt, WDMlf 2 lCSr/21 DCioTW 
tt¥*#U— tf 2 3 C&tf 2 3D^b«1^7t77^fA-^K2 
5 CM^^Sntl^. ft77< A*-igi|gSg2 2, 2 5tt 

(#0»JTMS 1. 5 4 4 am) ©Sl^ttfiAia 1 . 53-1. 
5 6 /*mf§g<Z>ifcg#<Z)ft£ifteT£. Sfc, ft7 7 -f A*-Jgi|gS& 2 2 , 
2 5 0J**ST*aWDM*?2 1 BiWDMlf 2 1 CtOWtC, » 

7 7-f A- • • 7*U-t^ >7* (Fiber Bragg Grating) 

*0y£*H>T, Ell (a) <Dft77-fA-l 7- 1 <5<7)l/-+fftL 
B3«, WDM|f2 1 A£^LTft7 7i'A-fg|i§§2 2 CAWLT 
EH 2*15. £0#77< A-JIMHS2 2T«fiSnfc l/-lfftLB 3 
tt, WDMlf 2 1 B, Ifi7^^ 2 4 A, 7<Vl/-^IS3, 
&lf'WDM| T 2 1 C£^UTft7 7'f A — ifiUgg 2 
iSH<*ft5. iSig^nfcU— !f%L B 3 WDMlf 2 lD^^lt 
01 (a) Wft? 7< A- • A> K;H 9 Zmi&tZ 1 *<7)ft7 7-T A* 
- (ft 7 7-f A-;tgfi8§2 5 0 fcr ffl $» O j£ g SB T £fc|§-T5 0 

2M77<A-»2 2&^2 5»Ccfc5^lt©li«i 
fiJ#tt-fl»JtLT»4 6dB ( 3 9 8 1 0 ffif) fit, 111 

(b) 0) * 7* U y * 1 6-1-1 6 - m ^ b tU 7J $ n -5 £3^ * ^ 
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(m-nfli) *: 1 2 8 AS LT, * ^;K^¥^IU # 5 0 W<h 

^*jl,<0U-1fft£*nf n&4 6 d BTiS*8"f"£<!:» §7^1:1-7 
H8-1-18 - n^<b!ii7j£n5 U— IfftOWtti^te^n^n&J 
5 2W£ft& 0 zm^AJl/TJI 1 n s , /UXSft&l 0 0 kHz 

fc, %-y 7 < a- • a>f;h 9^bffi^$n^u--tf^cLB4(Z)¥^ 

ffl7Jte*§2 5 6WtfeS. 

^Z1T«, 11 (a) (7)X7°U 7^14, 16-1-16 -mT<Z>£ 

7< A—*tt@88 2 2, 2 5<£>4>&< £ fe 1 O £>i#*afij*t£±tf § 

#2 0kWft£:) K^I-ftTS^^T^S. ft 43, 0 2<0ft7 7<A 

H2<D«lrit0«JC*^T, »f*7-fH24AH Hi (a) (0^7 
7<A-««Sgl 3&tf®2<&tt7 7-f A-it«»2 2Tm'n584 
f £ASE (Amplified Spontanious Emission) yt&tly hi, T^oll 

20 i (a) (Dm-m&f&mu-ifi i ^e>as7jsnsu-- *f3t (fc£«s« 

itf <£fe<DT&& 0 untC^O, AS E7t^^g^^7 , c7 7<A--^iliIg§ 
2 5 i:A!atP-tl©^PHHiT$t^©^Mt^.:(h^-C 
&#®7 W 2 4 A(-i^-0^i§^fi<li^ 1 pmllt 
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i^CltfeiU^, ^-©t±i^&S<7)pJ^<i (gttgSTli-flJtLT 
S 3l:«fc^TID)t©^fi«$n5. Js 1 8\zmx.tt 

*!t7^72 4ASy'7<VU-^ I S 3&n^TZZtt>m*L\,\ 
fcL ^aHWDMif 2 1 D^6WfflSnSl^-if5tLB 3 

#U-+f 2 3 A- 2 3D) Wffi^^$-iJiPTntt'cfc^ 0 

izmmfcmi. 0 9 9 ~i. i o 6 ummmoiu-wtmzmm lt^ 

^T-^tf^A (Yb) • K-7° • 77^ rt-U—tftfmft'VZZa Z\<D 

£^&9 9 0 - 1 2 0 0 nm@^<Z)&fi^T^i|@S:fT-5< yriPf'JA 
(Yb) • K-7° • Jt7 7</t- (YDFA) ££fflftttf«fcH. ^© 

hi (b) ©tsiis^oi^^t, 7<s&*£tj*-rs^ 
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<hfc£oT, Fl- <h^fWl:P-©Sil 5 7 - 1 5 8 nmO^ 

Ilia, 1 1 tffl)58iftfiS 9 9 0 nmffitl 

ntCfcoT, K r FX3r->-?U-1t'£^|-<7)i6ft2 4 8 nm(Z)^7££ 

fe<7) (5-6/zm) ekOfc/EW #l*.tf2 0 ~ .3 0 (imO)^- FS7 
15 jg2 5) K^TiSiiJftfcftSfc&lCfcL f0^ ; E-Hg77'fA-H 

-6 U — If Uf^f) ^:©37rt^fflt^ tit, 37£^r)#< 
20 11777 KKIiEffl#S#:l/-1f^7J77 0 U >^1"^o :©I177 

777 F&ftmiZltmi 777 KOag&ftfc^/rf 5fc«>0£2 
25 777 H«^tlTl^o 

±15<&£iifi<Z>JBflS<Z>7£7 7< A-i9«S§£ 7 7 -f A*-, 



WO 01/20398 PCT/jruwUbUZ 

30 

y{m%7 7^ A*-, #J*_tf Z BL AN77<A-^ffil^d;^iaT 
^Tl^t^A • K-7°M£±it<T3::<h^T#, cntcj; 0*1*1 

A*-«, !|fJCS*IS©^7 7<A"-«'li^ (i2©^77< A-JgigSg 

2 5) KJSfflf 5£<i:#a£L<, 7 7 < A'-gClffiliJ;0, A;i/7 
7^(7)7 7< A-fe^O^I!^ ^)^fc:«t5Sgi|i<Z)l£^0 ^W^-^di: 

MlC, 7^X7x< h#77, X\$WLit¥Z-?Z%tfyZ (B i 2 O 

3 B2 Oa ) S;iM<!:tS^7 7'fA'-$, #iC&&g:<Dft7 7 -f A*- 

15 Jfiisst bxm^^^^izbxh^o zz\r\ 7tX7x^h^77 

7t77<A-t}l r^&ItCl^XflTtlt (flRtfXJUf^A (Er) , 
XttX^H9A (Er) t-i 7 xJHf 7 A (Yb) <h ) ^371: 

MD (K-7°) tSCi^Tt, l^-©^iii|i2p*#5fc«)tCj^S^7 
7< A'^^^^^'J 7J7J 7 7^7 7< A'- CD 1 / 1 0 0 fi g t & § . 
20 |fth'X7X|^77)^77<A-m ^*C7)vU7J^77ct 

tb^T, x;Hf 7A (E r ) OH-7*i$10 0 f£fSi£^± £ t 

tu^T, tuif OJ:^!i-M|iii07 7 7 r I £ErOft7 7-f A-i|*i 
§§c7)ffi7J^St LT 1 . 5 1-1. 5 9 umZ&mt%S%£\Z\Z, K — 
25 7 <> T^^^>tbTXJPE7A (Er) IC iJD 1* y x ;Hf «7 A (Yb) 
K-7 r T5 - Ll>. Cintt^^U— IflCfc-Sgie^i^ 
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15- 9 7 5 nmttifiKJT^oT&rK :©j5§rotgT§«if«t556 
fittfi*«F^«ft©¥#ftU— tf£fcfi$HPJ£fi (WDM) ldJ:0*g^ 

<h^CtB^$fi (19 3-19 4 nm) £#3 U-if 8ft £ 

&I^T, ft^$ffi7 7<A-£^£«£K:«j?rS<0ifc£. GHAtfl. 
5 4 8 # mT?iJ»J&t*#<ft**fR£a.8£ tfim£H<\ 
15 L7^L&7^.6> Mffl77< A-TteJfcft##J^fi{fciI«0fc#K 1. 

7J^-7A^U >^y'j7^77<A-l:D • H-^t5^ 
20 ffll/^btl^o Z(Dfz.£>Z(Dm<D7 7"fA*-Tf3:, 1. 5 4 8 # mT&'f 
Lfe*iJ#^*#<&6ft^o K-7 , 7C^©7;P5-'7Att, 1. 

5 5 /amftifi©hT-^^g&Sffl)JtC->7 h£i*\ U >«$£?&MiJ(I ->7 
h$f ^M^j^O. tot, 1. 5 4 7 Mmi£^T*fiJ#£*#<T3 

fcj&lctt, '>■»£> 'J >£ F-7°Tn«'J;^o [WJtiic, ^j^.ti'x;Hi7A 
25 t1 yf-Jl/t:7A££&IC K-7° (□ • K-7°) L 7c □ 7 £8 oft^S 
g|77<A- (^JA(i*^0y7*;U • ^ 7 7 h' ' 3"f7'C7 7'f/H 
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£/tl^5i&£Kt>, znjfOMcD'J >^UPA^^iicJ;0> 1. 54 7 
jumf*i5T<fc9iS^fiJ#£#£C:<h7&<T£5. 

5 03 (a) te, 2^li^4^iOIlT8igS^i5It^Tt 

5&S^tlHI$2 O^^L, CI <Z)[H 3 (a) il&^T, ^77<A'-'/t 

SSI. 5 4 4 /im (J£!$$c£a; tfS) CDS^^i: t T<D l^— tfftL 
B4ft HSaw^iH^^^ 5 0 2 31 Z1T<0 2 

10 ^^tC«tOS*fe©2f&a)^^»2w (^Sttl/2© 7 7 2 nm) 0 
2{&&#%£T5. :©2MH l/>X5 0 5 ^lT2ggO#lf 

^ B B B 5 0 3l:Altb, zznhnU2"AM m$Lf&&lz&r)* xMfo 

<D2{%, W*>Mi*fc\ZM\s4fa<Dm$L&4a) 1 / 4 CD 3 8 6 n 

m) S:^4W584t5. 3§£ 4 {g&«JEf3 V >X 5 0 6 
15 UT3§l^0#«JBft3M6JI5 0 4£1^> £ 2 #»HJfc32£ 

fc^T, A»2i, IP^S^&klttb 8f&0E&&8 0)&G?2> 
8{£& G&S&1/8CD1 9 3 nm) ^14t§ 0 31 tf) 8 {g&te^ft<D 

SI. 5 4 4 /zm) ->2{§S 7 7 2 nm) ^4f£$ (jfcg 386 

20 nm) -8f&& (Sll 9 3nm) 0flg£fc£g&j&*7T . 

2l£z£'\CD^£fr e>#^^7t#|g B H H 5 0 2 (C«L i Ba O; (LBO) 

*sn£, 2 i%m^ 4 {%m^(D^m£ft o immytm$gk 503 

iBaOs (LBO) L B B ^ 4fe&Lfr£>8 1£&'\<D%&$:?fo%WLM 
25 ^ B B H 5 0 4 CliS Be 2 B 2 0 ? (SBBO) &M s %&f$TZo 
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m<nfztb<D it \zl Bo&ikofammffiiz&zimRtiLn&G (No 

n-Critical Phase Matching: N C P M) £$JST3 0 NCPMIt 
^7t^lS B B B |^T©S*^chl|-^^^^0fp1©^Jg-rnT$)§ TWalk-o 
ffj *ifi:&&^«>, Wt2M^^I^^t:U 

ft*3. .0 8 (a) CfeUT, 7t77<A*- • A*> K;H 9 <h#*|JBft 
^^ B B B 5 0 2 £<DfH\Z* U-WtL B 4(D^$^S5*5fcfeCl)t 
U>X£!£tt3^£:^M£L^o £0)18 Id, ft7 7< A- • A> F;H 
9£#lJ&T3&7 1 c7 7'f (37S) tefll;U*2 0 jamg 

0 0 MmS«T*5fc8e>, &t£7 7<A-&K 1 Oteg£0)<&$0«/J> 

15 1213 (b) \t2 % £fim&K££ftm&i?t&£*&fr£t)'&'T 8 

M^IH^i^T^S^S^Ig^OA^^l, :©|3 (b) £*3 
HT, 7t7 7-fA- • A*> K;H 9 (D&iim 1 9 a T^bMtH £fttz%L& 
1. 5 4 4 um(D U — if t*c: L B 4 (S«) tt, L B OSSH «k D ft 9 ± 
tl(DNC PMT'ftmZtlT^Z l&g<D4m&yt¥&Bi5 0 7 \ZAMls, 

20 ^ZlT©2^ifi5«»5B4iwJ;0 2ffiHR#S6£-t So IK, #«t£#*S 

a s B 5 o 7 ^^ai+fto-SR^-tosiaa-r*. c©**»&tX2ft» 

tt, fttcSJUS^ttSlTiSgtg (0«JAtf l/2»^«) 5 0 8 £igilL 
25 b h b5 1 0 fCAWT^o 
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i&B<Dim&yt¥te&o o 7 (lbojsji) ttti^SftsNCP 

-M 1 TKM£nU>Xo 13^®oT3g:@(Z)j3-BaB2 04 (B 
BO) ^iiO/^IM^B^S 1 4lZ\%tZ>o i:?3jgS^ 

10 -7?> ^^D^7^ • $7-&lllf:2Mtt!/>X5 1 2Rtf 

$7-M2^lT^'-f^D<^ - 57-51 6fc:AltU #»7fc# 
l£ B B B 5 1 4T#bn7c6{g$fcl/>X5 1 5^1T^^D^77 • 5 

4^@COBBO^ a B B cfcO^§#^^7^^lg B B H 5 1 7 iCAlft^. 
15 ft¥£H5 1 7Tlt 6{g$ch 2Mt*^ftS ^4HckD 8tt& 
(«193nm) £t#5 0 :©8ffifeli^l/-fl£LB5 
ttfflStlSo 7^43. 4^gC7)#^S7L#^ B B H 5 1 7 tit, BBOgfi 
(DftfrDKC sLiBfi Oio (CLBO) ££ B B B £ffl 1^5 d <h pJt&Tfc 
:©tlM2 0Attt, S« (ill. 5 4 4 Mm) ^ 2 
20 S (IS 7 7 2 nm) -3fg& (t!5 1 5 nm) -6{£$ 0£ft2 5 
7nm) -8f&& (i^I193nm) <Z)HH&££ft#frfcftT^3. 

d©«t'5H6^&<!:2 f§ii(Z)-77^^te7t^^ii-^T4^@cD#|| 
^ft^&il5 1 7 KAW-f 5#Sfi£T«, 6Mt2Mt*fn^n4 
^gW#^^7t^^ B B B5 1 7 tCil7 l cl.TA!l£-fcJ-£ U>X'5 15,51 
25 2 £SMCg&&7m(IIHMT3d<h^T#3o 3gl0|^ 
H^ft^lS^ 5 1 4Tfg£Lfc6f&&te*-a>0r®JB*K# rwalk-offj S 
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SLK f U>X5 15, 5 l 2€»J*03t»i:E 

if^Ct HckO, ^JA.«l/>X5 1 5£LT->'J >FU£;H/>X# 
5 ^fflV^dch^^pl^ch^D, 6tei&0)t*-A6^£&£K:fT"5::<!:# 
Tt5. Ztottibs 4j£g<7)#«7^ISJi ( B B O in EHa ) 5 17T© 

2&nmm^%¥ t &B i 5 1 o £4Ss<&#iMBft¥*£ii5 1 

7 toraw«lJ5Jctt® 3 (b) l:E6n5'b©Tttft<, 4&B(DimM 
10 #¥£115 1 7Kl6ftRt2ffifjfti:*<lRl«fK:_X»r*J;'5K:, 6{£&<h 

<fc^. HK> 0J*tf 2SS<&llM»$ft¥*SII5 1 0tM«lC3g 
BftlMSB0#*?B3fc¥IN&5 1 4. 5 17&EHU 3SS^« 
«^I£II5 1 4T 3 2 D 6ftRCSE»U 
15 T> ^fi^^$n^^2^^d:^fC4©@0^^^7t^^ s 3 B5 1 7 

lt$ttt«J;<, :tlCJ:0^^O^7^'^-511, 516£ 

ffl ^ & < & 5 o ^ n b © in 4 wjgjjM t t) m hit & 3 . 

ifc, H3 (a) ^' (b) i^lf;^fi»2 0, 2 0AI^^ 
T^n^ft&^^iifc <9 ©8M U&S 1 9 3 nm) 0¥^tH^€ 

^^^;KDffl^j5ST, • A°7- 2 0 k W, A 0 ;!/**! 1 n s , A°;l/ 

7^DIUI«1 00kHz, 2 WT&£ 0 

$?-*%)Vmtir)<D8i&fe<D¥-i%&t}\$, 13 (a) ©&^SSISI5 2 0 
Tte2 2 9mW, |3 (b) <7)&^&8& 2 0 ATte 3 8 . 3mWT* 
25 ofc. f^T, ^128ft^;^^tfc/Oh'M^0f^ai^tt. 
Kggft8B2 0T«2 9W, SSfM2 0AT1i4. 9W£&9, fa 
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ft(DM^g&2 0, 2 0 AXh^Thmft'&Wm% : mtLT- ) rfttl\ti 
tKD, m& 1 9 3 nm0#*3fc*«#f *::<!:#T?#*. 

F 2 U — ^ (&gl5 7nm) eb££l^-<B£:B<B£tt7££fS' 
Sfe*©&SaSlftg|5©«lfiJt^lHO#Ui^-r5. £ mi (a) 

5 <D%.-&1kf&mU-lf 1 1 £43^T$8£T5£#i£<0&fi£ 1 . 5 7/z 
milt, fe^£&8&2 OiLTl 0 {g&<D^££ff -5 

14 (a) te, 2^i^^^^^ch^il^^^i^ll^^bitT 1 0f& 
I^I#^ut^-e^§tlIIgK2 0B&^t ) £0)^4 (a) lc:£V> 

5 7 Mm©I/-lf7 1 eLB4(7)S*^«, LBO^ B B B <£ D&§ lglO* 

o 2 cai^i, 2^i^fi&^4(ici:^ 2{%mz^mzti 

ft^dgH 6 0 4 t:AiLT, 2^iitii(:J:§4M{:flsn, 

«^7^£ B B B 6 0 4&B»Lfc4ffiHfcRtf 2teifctt, £n>f y 
^7 • ^ 7- 6 0 5 (C|p]#H^ ^^D<7^ • = 7- 6 0 5 TSftSft 
fc4f&&«, TSIt$ni/>X6 0 8 ^IoT3g@OSr 

2 Be 2 B 2 Or (SBBO) 0 &&#«7^3&Bi 6 0 9 £ A 

20 mix, 2&mm%$nz.£o 8Mi:M$n?)o y^zxn 

7^^7-6 0 5 £Mi£Lfc 2MHU>X6 0 6 S^$7-M2& 
IT^^D< ^' = 7-6 0 7 l:AltU #*Bfl2ft¥*£J&6 0 9 T' 
Hbnfe8MfeU>X6 1 O^iT^^D^^^ • 5^- 6 0 7 
AWL, £ Zl T^CD 2 t 8 t fiPMK: $ nT 4 © g © S B 
25 BOeSJ; 0ft£#iia^7^l£ll6 1 1 (CAltU ::t8Mt2|& 
&^^e.(7)?P^ft^^H«kO 1 0fg& (SSI 57nm) ^llbtlS. 
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10 10 l^ltf U-^L B 5 i LTWtti^n^o IP*>> M£ 
&g&2 0 Btft S« (Sfil. 5 7 /zm) -2f&^ (j£ft7 8 5 n 
m) -*4§t 3 9 2. 5 nm) (IS 1 9 6. 2 5 nm) 

-»10f§& ($I15 7nm) ©Hl^&g^tjl^ff t>n§. 
5 £tz, F 2 (ei57nm) <h ©£|p|-feg<Z)&ft7££#5 

1t*)\Z\Z. mi (a) ©^HfcftfBfiU — tfl 1 (C*^T5fi^-T*S* 
iSEOMSl. 0 9 9 AimiLT, 2 0 1 1 T 7 

10 ^u<i:^Tf?.tSfM2 0C^l/, :©|4 (b) fcfc^T, 
ft 7 7 -f A- •A'>F;H90M19 a^^lflli^nfctS 1 . 0 
9 9 jamOU— tfftLB 4 tt, LBOlp^cfcD?^^ 1 IS @ CD 

#»JB#¥*&li7 0 2 ££T©2:&i*Wi£58£K:«i:9 2fftft 

15 *tia*fi^JK»"ciS[fi* m7L&i/2mmm 7 0 3 ^ii§bT, 

0 4%ftLXLBO&M i £Vt£%m2mmmyt¥'t£M i 7 0 5KAWU 

20 «I^!Sb b b 7 0 5^bfl££n3 2i£?££3{g&<hte^<^cM 
^.$ 7- 7 0 6T»fi^n, .::^gILfc3Mlil^>X7 0 7 

^^^^•^7- 7 0 6 T'Slf^nfc 2 tefete, S 7-M 1 Rtf 
U>X7 0 9 ^IoTS BBO|g B B H J:0^§^3cD#m^7 , e^^ B B B 7 1 
25 (McAMU 2^:11^^41:^0 4{g$k:I£M£ti<5o ;i(7)4{£$te. 
U>X7 1 1 $lT^-f £ U-i y f7 • 5 y- 7 0 8 (CAltU #<9U 
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-f7^-^7-7o 8Tmmz£j&2ntz3fe$iRtf4mmt. sbb 

7{£& 5 7 nm) lZ^WkZtl% a ^cD7f§&«^^ 

©U-ifftL B 5 t LTlttb^ns. EP*>, d GD^JWJTte, 
(fefil. 0 9 9 /im) -2M (t55 4 9. 5 nm) (& 
5 3 6 6. 3 nm) -*4{£& 7 4. 8 nm) -* 7 (SSI 

5 7nm) £>Ji£$;B«£n5 0 

&g£&g&2 0-2 0 CJ^niIfe#II^^^^ B B B ^S^(cm^ 

±m<DmMV)Mm-C\Z, mi (a) <fcD#^5J;5£mija©n 
M<Dytm^3--y hl8-l~18 - n (D&tKD ~-J(D®i^ 

' fl (m* tt2^l£Dlt) OtSM^ffltl, mfi©3ti8«a- 
7M8-1-18 - n ©tti^^n ' flT^m' j@0^;P-yiC^ttT 
(n-m=n' -m' ) , 7°^KI 1 OCD&S^&gBT&g^gl 

^fiEta^cuw-K ep^, i^s^m^2 o \$±mmmzmt> 

ttSfc0Tttfc<ft£TJ;^U #Hff^^lgB e B iLT±IB^^k 01*. 
^'CBOL B B (CsBaOs), KSoi'Jf^A (L i 2 B 4 Or ) , 
KAB (K 2 A 1 2 B, 0 7 ) , XttGdYCOB (Gd« Y.-» Ca 
4 O (BOj) sJ&dffcfflHTfcJ:!^. 

±SB©^JS©^!i©^^^4^B(c:«tntf, Ell (a) C07t77< 
A- • A>H;H 9 Offi*SS©Sg*^f t *;^^*3ttt> 2 mmg 
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10 2 2, 2 5 £*5^TftD— y<Dl4«$nt, ^ftftStf^fcUfc. 

Xlil/lOOKTt&ifc*, &&#£tBfc-f SJ§££:EI 

§ 0 *m\*mi (a) ©^J6©^Jg^^LT¥-&S»lSU-if 1 1^ 

25 1 1 ^fcttiaSttfcSfi 1 • 5 4 4 miti (dtlfcA. ttZ>) 0)1/ -It* 
3tLBlli, 3t7 7< A- 5 3 AS:^LTftfi»i^l (Wavelength D 
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ivision Multiplexing) %=f- (WDMlf) 5 2ICA&U ffi®ftW.t 

i/ — "y 7c LBRfl >t7 71 A- 5 3 B^^LTWDMlf 5 2 (3 AM 
U WDMlf 5 2T#y 7*'J > 7*2 ftfc U-lf ftttft7 7 < A- 5 3 
C?:^bT^i$f 1 2KA#-r*. fit, 3t«ll*f 

^(Dmj)ftm^(DU--*f%:LBR(D®imA2 tt, ft77^A-*i*g 
§§13, SW^^Ttigilia- 7 M8-l~18-n * <7)^ 7 7 -f A* 

t LTA r FX + y7!/-tl 1 9 3 nm) £ &£|W|-&S<J!>ft 

£fg£T5J§££i!£T3£, 7fc77< A'-iHiSIl 3, 2 2, 2 5 T 
#*lRrflB£&g««iftl. 5 3-1. 5 6 Mmg&T&5fcg>, 
JtLBRWSfiA! It W^tf$Sll. 5 3/imXttl. 5 6ymMH 

^LT, 1 ©ftffl^^i IT, g|8 (a) , (b) (C^T 

i"5l:, ^ftytZitijiLU^*? (OFF) <Z)81P f SHcW:l'-lfftL B 1 

(ON) W^PB-JHttU-lf^LB 1 €rStt56^S-frTU—lf^LBR& 

iSSttffiT5S^S-a:5. untile, K7-rA3^6^SEM*^l 2lctt 
teStlSMbls LT(7)Epi)n«EEV 1 2 £, 13 8 (c) -5 (C 

ftgW*^ 1 2#Sttia£ftSU-tf3fcLB 2tt, B8 ( d ) (C^fJ: 
O ic> :*>0>jt8IHI;:lijgi£8: 1 0 0 k H z ll^co t 5 -? U/KjUBTlI 
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£tz. *MV\ZWi,2(DmmJ]&t{sT, H9 (a) , (b) 

io jtstst^i:, H7-r/x3^b7 l e^i)5i* : f 1 2 ii{±t^$ti^epjnmis 

VI 2 (IgiMf^) HI 9 (c) tl^f «fc 5 \Zftftrt)]/7>ftlznfet 
Z> 0 intaot, 3tS « Jlf 1 2A^tB^SnsU-1f3tLB 2 te, 
09 (d) {I^-fcfc?tI> *><DMWz\m8 (d) ©if £ chimin A° 
(iSA, ) <h&9, ^70«{Ifeim£tf)A;l/7^iJ (&fiA 2 ) 
15 ^nUckoTfe, t'i:7 7< A-^iji§§2 5*?TftlJ— vt^D 

5 2 fcESLTH*^ HI 1 1 ll^T £?ll, t^IEs^ 1 2 0fcb77gB 
CWDMlf 5 2 €rifig IT, ft^ffl!^ 1 2^b<Z)^lA, <DI/-+f 
25 7*cL BMtffilftfflO^gfffU— !f 5 l^b(Di^5A 2 (7) U-if ftL B R 
t^WDMif 5 2T^'y7°U >^LT, Hbtlt tfftL B 2 Srft 
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7 7< a* -JUS an 3lc^l&1"S«k , 5tcLTt)«fc^. 0 1 loffi^jtc: 

iS^Tfc, if 1 1 j&>e>0l^-1f#L B 1 *f#L 

BRt^MTM^t^: tCioT, t£7 7< A-JgiHg§(;::fctt 

11 1 o fa^jogg&sr^u z.(Dm i o I'&t^T, is^^iiu- 

tf 1 1 ^e>fcB#$nfc&£ 1 . 5 4 4 jitmOU-f3tL B 1 (Ctl^rfi 
%&mfttTZ>) «, ^^^>{i7 l c^l^2^0>t^[5l^^-a-^-r^)/ta6co 
{|I$£^g^5 5i:Altl, ffil&ft&£LT0¥i&#U--if 5 4^b$t 
ffl^ftfcl^-lfftLB 1 i«iS^1-^^^(CiI^{i7 , cbfc^Sl . 5 4 
4/zm(Z)l/--tf~7 I cLBP«^i&^^ST5 5l:Alfl, fil^^H^S 
5T#y7°U >7*£n/i !/-• tfft«ftgW& ; F 1 2£A§*-f 5„ f LT, 

mtmfe-znx^zhotTz, tit, m 1 chc&^t, u-+f^L 

|S]i:^$nt*0, lil*7 , c^^bWl/-^^LBROfa^7j^(i, 
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b i tu— $ytLBP ttemnytitfttitzn® uxonm taw 

2 vmwjjj mzb, m s \z*-? &o\z-*>(nmmv>Zh\zn)),7,yt$:)&t> 
5 z^zu&t. m$\z^&o\znmn)V7.%z\titiz^%i5&ttf$) 

10 i^S^b^o :n.i:i:^T, }t77< A'-itigSl 3, 2 2, 2 5T 

15 5 5 £I2fiLT^5#, El 1 2 d^fcfc 5 ^SBlf 1 2©|ij 

jlZMZtgfcSf&m^S 5 £12gLT, T^PsftiM 2frb<7)Mfilift£> 

U— tfftLBP£:£<I§&£j£& : F5 5T#y 7°U >^LT, ibnf;U 
— tfJtL B 2 £t£7 7< A*-£tB& 1 3 \zm%tZ>£.olzLTb£^o 
20 ^ 1 2 (Dmf&&\lZ&^Tb, ¥.-fo&%MU—*f 1 1 ^bOU--tf) l eL 
B 1 <hl^-1f^LBP<h*jS?tt4|-C»3t.$-&SC:<i:»CcfcoT, t£77< 

mi (a) (DmftK%± : £w%m^rzmytmw<D-m\z'D£m 

%mi 7 1 iLTIi, HI (a) (D^ft^^M^^-^ft^ 1/ 
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-If 1 l^bmIW|fo- 7 M 8- 1-1 8-nST©S^ffi 
L B 5 1 9 3 nm, 1 5 7 n m, Xte^ftj^^^f'T^ 

01 3 CZ^^^^^ 1 7 1^6WttJ$nfcU— if^t 
tt» »«M77< A-l 7 3, RCXSM^api 7 2^1TIM 

n- i 7 3 25:0? i 7 8Hfnfnai (a) ©i7 7 ^t-- 

17 2ft 1 7 1 ^bWl^t^II^lLtp 

-IfftLB 5«kO^**n*©«3t3t*tfJ*1--5»MftgB (0 1 (a) 

6 3£j8»Lfc«3t3fctt«:JBft3ft#l 6 5^j>Lt, tt£ft££ 
£LT<B*XA (wafer) 1 6 6 ±\z SB9§fc«<0|*i<&/<<* - >©«/jNfc£ 
»¥Mk W (0!l*tfi/4. 1X5, 1/6*) 

16 5<hLT«, Btffc, XttE»JBff*#£fflT3*. fit. 
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*Sfc*K:SWBifT*S:ffiffl LTfccfc^o £XA 1 6 6 £tt7* h l/v 

XttSO I (silicon on insulator) ^©P]fitt©SfiTft 
5 ^7IA 1 6 6 tt, C/lAXr-y 1 6 7 ±(Iftj#$tl, «7XA 1 6 6 

0 3&7cWfcfttfi»!£lfrSB 1 6 9 laoTli^n^OxAXf-y 1 

6 7 iZX^TmiEZn&o WHf-yl6 4m»«il 

.MgU 6 9&tfMMl 6 8CO®jf^^£fliiJiP^ 1 7 7 K<fc oTlWH 
10 $nt^5. IT, ^ftP#tCtt, ^I/Uf-yl6 7©X77^ 
»j(CcfcoT^XA 1 6 6 <Z)fl:Hi&«>£fTofc&, BPJM^fCftLTl^ 
^Hx-yl 6 4&frLTU?t7)Vl 6 3 £p/r/E?j fa ££S L , £X 
A 1 6 6 ^vIAXr-y 1 6 7 £fr UTf&$M«uv£J|&ifc,2: UTifeS 
tZt^SZf-V? ' 7> H • X^>?jj£T\ <7XA1 6 6±0#-> 
15 3 y Mi^fC U^ZJH 6 3 ®/^->©iAW$n5, uOi^C 

20 fc-gR (0iJx.l«fii§tRgKl 7 2&£) CI^LT^^. £>3 

t^iiMiii 7 i^i^i:@^uy^o fib, fcftftSU 

7 1 tc£fft£n£«^&£ttgiJil#K:LT:fc< L^. 
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yt^mmT- 1 2 iCcfc"3T^^$ns/^i/^iKio5iu^«» f t, mmm 

? ODz/n- 15-1-15-m, 1 7 - 1 - 1 7 - n) \Z «k 
16 61f©/tJ^^OM, 7IA 1 6 60MM, /\°;i/X^co^ 

iig/^xA^x-v i 6 7©ftia5SSJcs^j|i}#$n*«fc'5i3, too 

15 g=£, #WC&^Tte, ^ffl3t77^fA- 1 7 3, 1 7 8 W$ 

m<Dmm^^o±m^m^w>^^mmM^{t(Dnizm^^zt^Tt 
20 § 0 lot, &yt%w*ftwnftytmr&zmnxn&mwfrb<Dmm 

£fc, Wj(Ol/^^^7-y 1 6 4 teMltli 1 6 8 la^TX^ 

ft, Y^fttc&sjjpjfigT, ^o^/jNiufepjfg(cm^^nT^-5o ic, 

S?p-7-^|gFM«^i£f 7< >M'J&£ tiffin bft&o IH 
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9Kl{fcl&LT^3. tfifMl7 9iLTH 0 1 (a) <D%i&£m 

SRI 7 9^b^(±i£n£^7t7£<^D^g(D^-^m B5^7M/ 
10 >h3Rl80Oi^ALtl/T«fflt5. 

CtlCiD, 77^^>hH8 0<D3MKS'J£ffi*T*&R#fc< 

15 6 3 ±<?)77^/>h-7-^ WiSl^^lU 6 5£®LTS^;?-- 
^FM±(7;g^-^(IBBt;j--f 5 ffiT-£^6 38£f5tt& 
ilfc*^ (CCD) Tg3fcLT^<BftfiTn£ffiait'£fc<DT&0, 1/ 
^^;H 63©77'f/>M 3 77'f/>hll 8 1 C^-X7< >lt 

20 *7 • 7$ i/7,l5^(D7y1 b%l 8 1(1 #];tfc£5 5 0 - 7 5 
OnmiftOttftfi^^eM (7*D- KA> b'ft) **XA 1 6 6 

7-^«!i77'f^>h7-^C«i«:j|j|«f (CCD) ±£&fc 

25 77^^>h^l80, lSlTfnfnP^-^fiF 
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ttfTt* I0^1M77<^> h^l81 Wttil^CI^^T 1 ? 
XA 1 6 61©§y 3 v bfe®<D7y-t b n&lzff bn<5. & 

tit" § K: ^-X 7 fHI SrfT i T J; ^ L , * 5 ^ ttffilStSC© 
XA^ftlfr^lc: 1 (HJHS^fiJ^T^-X 5< >ft$!l£?T 5 i:LT 

fccfci^o fat, is^zfr&w&iztei&t^-y,?^ >it»nft>nso 

±l2©mS<Z)^S8(Z)0 1 3®i^glt«^f^^ 16310 
7-^|^^i/U7-yl6 7Hllt^n5|P UUyh&£) £ 

©$w«tfiai^ffl©flg^*»4-r«3taitUT. itua^^ (171, 
179) tm-mj&nytfe&w&mi&LTb&^L* imhi- 
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10 - ^littia^iilf^^^XTf^yi/'flff^W 
75:43, *5SW©»3tfi«tOU— tfg«li, #J A«'«7XA±£M2 
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BM«, #^If^(Z)iGH, HI UK &tfgij$£#tU 9 9 9^9^100 

io tttfMft<DU*mwfritim% 1 1 - 2 5 8 1 3 2^©itoii^n 
■€•0 < bT^ica^snt^s. 



25 ffiifcfgttSii^ii, 7&«$g(Hj:, ^<Z)^<7)^i|iIg|^btB^£ti 
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10 



15 



20 



25 
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If $ co US ffl 

worn? - > sjUfc^^-rm 2 m#&*yt? s*#siit*^t > 

10 *rr*tt«HB»£, 

7t ifi o 

20 fth(D\s-^K*n)i7,m®LTmi%mmi\zm&L, mimtvyt* 

3. gf^OlGffl 2 {CfEifc<Z)&ftggT&oT, 
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5. w^cDtgH i izmm<Dmyt£wr&-ix, 
15 6. $m<Dmm5\ztm<Dmftmwr&-DT, 

25 gut, ^^p^m^bffi^^n^^^Hufsiiii^i^^^'r^^^^ 
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10. W*©«H8K:E«oar^S*T*oT, 
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1 2 . m$L<Dmm i - 1 i ©Mn^~Js^iB«o«^«iiT*oT, 

1 3. fflr^o«ss i~ii (DMn^-miztmomytmrnrh-DX, 

1 4. IB B3 1-11 <Ofpfn^-^k:|E*a)Sl^gttT&oT, 

iffEU— tfft^TO, 1 wmlW$-ftI(7)l/- tfft 

15. lif^tDiEffl 1 - 1 1 ©Mn^-SCIEiOlMtt^ot, 

1 6. it^wiBH i-ii (nftftfr-mmmnmft&wzm^timyt-jj 
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is. u-^mwfrh(DmKKT:miMfo<DA?->£mwL, mmi 
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